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Description 

[86613 This invention relates to fuel compositions for use i« homogeneous charge compression ignition {HCC!) en- 
gines, and to ih* preparation -and use of such compositions. 

* £80021 The HCC! Internal combustion engine is a hybrid of tbo well known spark ignition {Si . petrai) and osnsprossiori 
ignition (Cf diesel) engines A homogeneous, {yptea% nighty dilute, fuel/air mixture is created jrt she inlet system, as 
in a Si origins, but during the compression sfcaKaihe mixture auto-ignites as m&Ci engine. Potentially HCCi engines 
can off er the efficiency of a dieses engine bus with cleaner operation (eg. fewer amissions of particulates and nitrogen 
oxides) am* low cyclic variations 

19 S.0003] Various working HCCi engines have been described In the literature (see editor's keynote address (page 1 j 
in "A new generation 0) engine combustion processes for the ftftss?", Ed. P. Dure*. Editions Technto, Park, 2Q02, 
ISSN 2-71 08-0812-9}. These 'ncfuefe the ATAC (Active Thermo - Atmospheric Combustion) [Onishi, S, si »K SAS Paper 
fi 780501 , SAE (Society of Automotive Englneets) 1979); TS {Toyota - Soken); FDCCP {fluid Dynamically Controlled 
Combustion Process); AR {Activated Radicals) fiehiaashi, Y, and Asei, M., SAE Paper ii 980742, SAE 1988]; PCCI 

«s prised Charge Compression ignition} ( Ayoroa, T. «t at, SAE Paper <? 960081 , SAE 1 98SJ and CAt (Controlled Am- 
IgniSon) fOaktey. A. at al, SAE Paper # 2001 -CM 030, SAE 2001} engines, 

|OO041 HCCi combustion processes are also currently used in certain commercially available S-sireke engines hut 
4-sffcks engines exploiting the advantages of the HCCi technology do not yet appear to be feasible over a wide op- 
erating, range, 

53 gQSOSj One 0! the main problems with HCCi engines is thai at tew toads it can be difficult to ensure that auto-ignition 
always occurs. Ofssom JamOfa el si {SA£ Paper * 2001 -01-1031, SAE 2001] describe blending of the easily ignited 
fuel n-heptane with a gasoline base fuel (Iso-ectane) to promote auto-ignition in a HCCI engine. The n-heptane and 
iso-oefane are metered separately into the engine under an electronic closed loop centra! system, so that the overs!! 
fust formulation may be tailored In response to load conditions. This strategy may he used to extend the operating 

~» regime 0? a HCCi engine. 

|0OO$| However, it is now was established that the conventiona: measures of auto-ignition quality in gasoline fuels - 
RON {Hesaarch Octane Number) and MOM (Motor Octane Number) - are not ralavam to auto-Ignition In HCCI com- 
bushon using such fuels {see fvtortt&gne. X. ot a! in "A new generation of engine combustion processes for the future?", 
Ed. P. Durst, mkm TwhtUp, Paris, 2002, SS8N 2-7108-0818-9 (page 17?}). It has further been reported that the 

» efficiency e? HCC! combustion can be adversely affected in blends of gasoline with dlesel fuels by poor combustion 
due to poor fuel vapourisation (see Oakley af a! (supra} end Ohrisiensen, M. et at, SAE Paper # 1 3S9-01 -3.679, SAE 
1 839), Thus II is by no means straightforward to identify gasoline tuet additives which might be used as alternatives to 
the n-heptana tested by Oissen at at, to improve the auto- ignition properties of the fuel and thus extend the operating 
regime of a HCCi engine running on it. 

38 Additives have now however been found which, when incorporated info a gasoline base fuel, cart Improve its 

aate-fgniboe prepenses in a HCCi engine, particularly at low engine loads. 

IPQ08J According to a first aspect of the present invention there Is provided a fuel composition for use In 8 homoge- 
neous charge compression ignition (HCCi) engine, the composition comprising » gasoline base fuel together with ana 
or more editions! components selected from the group consisting of 0) a disss! fuel Ignition improver. (I!) a Rsebsr- 
Tropsch deitvad gas oil and (III) a Rseher-Trc-psch deriverj naphtha fuei. 

10009] It has been found that the inclusion of such components In a gasoline fuel can improve its auto-ignition ca- 
pability and thus improve its performance In a HCC! engine partfcolarfy at lower loads, A HCCI engine running 00 a 
fuel composition according to the invention csn therefore function at a Sower load, at any given speed, than when 
running on the gasoline base fuel atone; the invention may thus be used to extend the operating range of the engine. 

■is pJOIfi! By for use In s HCCI engine" is meant thai the fuei composifiou is suitable for such use, whether or not ft Is 
actually intended for such use. The term "HCCI engine" is Intended to encompass any engine which is operating or is 
operable in die HCCi mode, whether or not ii is also capable of operating in another mode such as spark ignition or 
dlesei compression Ignition, in engines capable of operating In more than one such made, the present invention can 
extend She operating regime over which HCCi operetta) Is possible andter feasible (in particular without undue mis- 

SS tiring), 

{0011] The gasoline base fuei comprises a Squid hydrocarbon fuel and would ncrrrsaiiy be suitable for use in an 
interna! csnhusiion engine of the spark ignition fpeiroi) type. Casoiines typically contain mixtures of hydrocarbons 
boiling in the range from 25 to 230 *C {EN-ISO 3405), the optimal ranges and distillation curves typically varying 
according to climate and season of the year. The hydrocarbons in a gasoiine fuel may convenient^ fee derived in known 
58 manner from stmighHun gasoline.. syriSheiiosiiy-produceri aromatic hydrocarbon mixtures, tftetiMily or estaiytScaiiy 
cracted hydrocarbons, hydro-cracked pott oleum kmsSom, catttlyticaliy refomisd hydrocarbons or mixtures of these. 
fOQ12] The research octane number (RON) of the gasoline base fuei may suitably be from 80 to 1 00, preferably from 
98 to 100, more preferably from m to 100 {EN 251 84). its motor aefane number (MON) may aoit&bty be from 80 to 
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100, preferably from 84 to 100 {£N 25183}, 

£O0t3] 8 may have an efeSn content of for instance from o to 20 % v/v (ASTM D1 319), an oxygen consent of lor 
instance from 0te5 % w.% (EN 1801), an arsxnatics cement of for instance from oto50 % v/v iASTfvS Q1 31 0} and 
particular a benzene content of at most 1 % v/v. 

s £001 4 J 7% base fuel and suitably also the overall feel composition, preferably Hsa a tow or ult ra tow sulphur content, 
for instance ai most 1 000 pprnw {parts per mflikm by weight), preferably rve mom th&n 500 ppmw, moss preferably no 
mere than 1 00 or 50 or oven 1 0 pprm. it also preferably has a low tots! lead eon tent, such as at most 0.00S g/l. 
£001 Sj Oxygenates may be incorporated in She gasoline bass fuel: these Include alcohols (such as methanol, ethanes!, 
iso-propanei. teri-butanot sod ise-buianoi) and ethers {preferaMy eihera containing S or more carbon sIostss per mol- 

rs eeuie, eg, msifvyi leri-buiyi ether). Such ethers may be used In ameuofe «p to 15 % vtv of the basefual, but if methanol 
is used. 11 can generally only bo in an amount up to 3 % vrV and stabilisers may bo required. Stabiiisars may also be 
needed for ethane!, which may gsnaraiiy so used up to 5 % v/v, iso-propanoi may generally be used up so 10 % VfV, 
Sert-btiianoj up to 7 % v/v end iso-butaoul tip to 10 % v/'v. 

£001 SJ Oxygenases may in particular be desirable additives in unleaded gasoline fuels, since they are Qf use as 
1* octane boosters. 

£u01?| Particularly preferred gasoline bass fuels incorporate from 0 to 10 % v/v af at least one oxygenate selected 
from methanol, ethanes!, iao-propanoi and iso-buianel. 

£801 aj A gasoline base fuel may include one or more additives such as anti-oxidants, corrosion inhibitors, ashless 
detergents, dehaaars, dyes and synthetic or mineral oil carrier fluids, Examples of suitable such additives are described 
SO generally in US Patent No, S,£S8,S29. They can be added directly So the gasoline or cars be blended before addition 
with ana or more diluents., to form an additive concentrate. 

£001 9j The gasoline base fust preferably comprises a major proportion (by which is meant preferably SO % w/w or 
more of the overall base feai, more preferably 99,5 % vsr/w or more, most preferably 09.8 % w/w or more, even up to 
100 % vvAv) of liquid hydrocarbon gasoline fuel (which opiionaiiy incorporates one or mom oxyganaies), and a minor 
as proportion a? any additives present. The (active matter) concentration of any additive® present in she base fuel la thus 
preferably up to 1 % w/w, more preferably in Hie range from S to 1000 ppmw. advantageously from ?S to 300 pprnw, 
such as from SS to 150 ppmw. 

£00£OJ The disss! fast irjnitfen Improver (*} is an ignition improving agent suitable lor use in a dlessl feel composition. 
h may comprise one or mora reagents selected from the group consisting of: 

a) organic nil/etas of the general formula H'-0-N0 2 , or nitrites of the general formula R^O-NO, whara R 1 is a 
: hydreeiarbyS group such as in particular an atkyl. eyoioatkyl, alkenyi or aromatic group , or an ether containing group, 

preferably having from 1 to 10, more preferably from 1 to 8, carbon atoms; 

b) organic peroxides and hydroperoxides, of the genera! formula B^O-O-B 3 , where «s and R- are each indepand- 
a» ensfy either hydrogen or s hydrocarbyl group such as in particular an aikyl. cycioafky!, alkenyi or aromatic group, 

preferably bavsng from 1 to 10, more preferably from 1 to 8, carbon atoms; and 

e) organic poracids and peresters. of the general fermufe S 4 -C{0)-0-0-R 5 , where R* and ft 8 are each indepand- 
ernly either hydrogen or a hydrocaroyi group such as in paaicu-ar an aifcyl. cydoaEftyi, alkenyi or aromatic group, 
preferably having f rom 1 So 10, mors preferably from 1 to 8, carbon atoms 

[0021} Examples of ignition Improvers of type (a) include (eyole)aiityf nitraies such as isopropyl nitrate, 2-efhyi heay! 
nitfTste (gSHH) and eyclohaxyt nitrate, and ethyl nftrstes such as methoncy ethyl nitrate. Examples of type #j) include 
dl-teri-btilyl peroxide. 

poas] Other dlese! ignition improvers are disclosed in t.SS-4,20g,1f?0 ai coiamn 2, line 2? to eotu«m 3, line 21 , The 
dieael igrsiilon Improver (1) is preferably a {cycto}alky! nitrate, more preferably 2-etnyl hexyt nitrate. 
f0023| Igasfion improvers of this type are widely used m cetane improvers In dieael fuels, where auto-ignition can 
foe a significant problem. They have not however been used as additives for gasoline fuels, where octane rather than 
oetane numbers ara important. 

[0624] DieaeS fuel Ignition improvers are commercially available for instance as HITEC™ 41 03 (ex Ethyl Corporation), 
[OOSSj m the fusi composition of the invention, component $ may be present in a corscantrallori cf up to 1 % v/v, 
preferably from 0 .96 io 1 % v/v, more preferably from 0,1 to 0.7 % v/v, such as from 0.3 to 0.S % v/v. 
£0020] The Pisjclw-Trcpiseh derived gas oil (if) is a Squid hydrocarbon middle distillate gas oil vvlth belling points 
within the typical disss) feet range, ie, from about 1 SO to 370 "C, it is a reaction product cf a Rschsr-Tropseh methane 
condensation process, such as for example the process known as Shall Middle Distillate Synthesis (van dor Burgs as 
ss ai, "The Shell Middle Diatiifete Synthesis Process 8 , paper delivered at the 5* Bynfueis Worldwide Symposium, Wash- 
ington DC, November 1S8S; see also She November 1 1 989 publication of the sarTfe lilie from Shell [nfemalioo&iPesroleum 
Conpany Ltd, London. UK}. F«d)er-Trapsch derived got, oils ara tow in undesirable fuel components such as sulphur, 
nitrogen end sromatlcs and tend to lead to lower vehtaie emissions. They are typically used In close! tual crm^pesitfens, 
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in the form of blends with other dieses base fuels such as petroleum derived gas ©as, but not in gasoline fuel cameo- 
sitsarts. 

[802?] The Fisetter-Tropsch derived component (if) should Therefore be suitable for use as a dieses fuel, and its 
compe-nenia (or tho majority, for instance 9S % w/w or greater, thereof) should have boiling points within She typical 
s drssel tool {*gas or) range, ie, from about 1 SO to 400 *C> if will suitably have a SO % wAw disSiifstian Seropsraier© of 
Iron; 303 to 40C "C. 

10828} By *Fisoher~Tropseh derived" is memi ih&l a fuel is, or derives from, s synthesis product of a Fischer-Tropsch 
condensation process. The Fischer-Tropsch reaction converts carbon monoxide and hydrogen into Sanger chain, usu- 
ally pa raff in ie, hydrocarbons: 

re 

R{CO + 2H 2 ) «- (-CH a -) ft > «H a O + heat, 

in She presence of an appropriate catalyst and typfcsiiy at elevated temperatures (eg, 125 So 363 X C, preferably 178 
W to 250 *C) aodfer pressures fag, S so 100 bar, preferably 12 to 50 bar). Hydro gen carbon monoxftte ratios oSnsr man 
8:1 may be employed i? : desired, 

£0089) A gas oil product may be obtained directly from ibis reaction, or Indirectly for Instance by fractionation of a 
Fiscrw-Tmpseh synthesis product or from a hyeSrotrested Fischer- Tropsch synthesis product. Hycirotreafmem can 
involve hytifocraeking to adjust she boiling range (see, eg, QB-2 077 £88 B and BP-A-Q 147 873} and/or hydroisom- 

£S erisata which cars improve cold flow properties by increasing the proportion of branched paraffins. EP-A-0 583 838 
describes a two-step hydrotreatmertt process in which a Fischer-Trapse h synthesis product is firstly subjected to hy- 
drocooverslon under conditions such that it undergoes substantially no isomerlsasion or hydroc racking (this hydragsn- 
ates the oiefinic and oxygen-containing components), and then at feast part of the result&oS product is hydroconvertsd 
oadssr conditions such that hydrecraciona, and isomedsation occur so yieid a substantially psrgffinie hydrocarbon fuel. 

ss The desired gas oil fraction**) may subsequently be isolated for instance by distillation, 

[0830) Giber post-synthesis trealroenis. s«cft as polymerisation, aSSiylatSort, distillation, oraGklng-decerhojsySsiiofi, 
tsemehsaiiors and hydroreforrning, may be employed to modify the properties of Fischer-Tropsch condensation prod- 
ests, as dascrfced for Instance in US-A-4, 125.566 and U$-A-4,4?8,855. 

[0031} Typical catalysts tor the Rscfrer-Tropsch synthesis of paraJftnic hydrocarbons comprise, as the eateiytfosiiy 
& sesive component a metal from Group Vill of the periodic sable, In particular ruthenium, Irani cobalt or nickel, Suitable 
such catalysts are described for instance in EP-A-0 583 838 (pages 3 and 4). 

£Q032J An estampie of a Fischer-Tropsch based process is the 8MDS (Shell Middle Distillate Syndesis) desotibed 
in 'The Shell Middle Oiatiliate Synthesis Process", van der Surgt et at (supra). This process produces middle tiistSiiate 
range products by conversion of a natural gas (primarily methane) derived synthesis gas Into a heavy tag-chain 
3$ hydrocarbon {paraffin) wax which can then be hydmconvetted and fractionated to produce liquid transport fuels such 
as the gas alts useable in diesa! fuel compositions. A version of the SMDS process, utilising a fixed-bed reactor for the 
catalytic conversion step, is currently in use in 3; nfulu, Malaysia and its products have been used in petroleum derived 
gas oil biennis in eorornerciaity avaiiabie automotive fuels. 

[0033) Gss oils prepared by the BUOS process are commercially available far instance from the Shell Group of 
<® companies. Farther examples of Fischer Tropsch derived gas oils are described in EP-A-G 533 836, EF'-A-I 1 01 813, 
WO-97/14788, WO-87/14768, WO-O0/20534. WO-00SQ535. WO-01/1 111 6, WO-0V1111?, WO ut/83408, WO- 
01/83841, WO-Oi/83647, WO-0V8364S and US>A-6,204,4g8. 

{0034] Suitably, in accordance with iha present invention, the Fischer-Tropsch derived gas o;i (ii) wiii consist of at 
least 90% prefembSy at least 95 % wA», of parafflniccompenems, prelerabiy Iso- and linear paraffins. The weight 

«s mtis of ise-psrafrlns to normal paraffins wit! suitebly be greater than 0.3 and may be up to 12; most suitably it Is from 
2 to 6. The actual value for this ratio will be determined, in pad, by the hydrocewerston process used to prepare the 
gas oil from She Fischer-Tropsch synthesis product . Some cyclic paraffins may aiso be present. 
|SS35| 8y virtue of the Fischer-Tropsch process, a Fisofter-Tropsrii derived ges oil has essentially no, or undetectable 
levels of, sulphur and nitrogen. Compounds containing these Sioteroatoms tend to act as poisons for Flssftar-Tropssh 

so ceSalysSs and are therefore removed from ihe synthesis gas feed. Further, the process as usually operated produces 
no or yihuaiiy no aromatic components. The arcmsties esntest of a Fischer-Tropsch gas oil, as determined by ASTM 
O 4628, will typically be below i % wAv, preferabty below 0.5 % w/w and more proferably below 0. 1 % w/W, 
PS38) The Fiscner-Tropsch denved gas oil (if) will SvpicaSiy have a density f rom 0.76 to 0.79 gfcrh 3 at 1 5 a C; a ceiane 
nambar (ASTM D976) greater than 70, suitably from 74 to 82; a kinematic viscosity from 2,s to 4.0. preferably from 

ss 2.0 to 3,7, csntistokes at 40 *C; and a sulphur content of S ppmw (parts per million by weight) or less, 

P037) F'reteradiy if Is a product prepared by a Ffecher-Tropseh methane condensation reaction using a hydrogen/ 
carbon monoxide ratio of less than 2.5, proferafciy isss than 1.75, more prsferably from 0,4 to 1 £. and ibeaily isslng a 
cobalt containing eatalysf. Suitably it win have been obtained from a hydrocracked Fischer-Tropsch synthesis product 
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(for in&tarwe as described in 08-2 077 288 B andfor SP-A-o 147 873). or wore preferably a product tram a two-stage 
hytlreconvetsidn process such as that described (a EP-A-G 533 836 Jsae above). In the Sate case, preferred features 
of the hydmeonversion process may be as disclosed at pages 4 to 6, and in the oxen-pies, of EP-A-Q SS3 838, 
f&b3S] in the feet composition of the invention, component p) may be prom*, in a concentration «r up to 20 % v.<V : 

« preferably from 1 to i 5 % v/v, more preferably from & to 12 % wV, such as {com 8 to 10 % v/v. 

[9G39J The Rscher-Trapscti derived naphtha fee! (18) is a liquid hydrocarbon middle dlstitiato fuei wifh a flaai hoiiiog 
paint of typically up to 820 "C or preferably of 138 »C or less, and which is a reaction product of a Fisohsr-Tropsch 
methane condensation process, such as for example 8» She!! Middle Dt&ttifate Synthesis described above, its initial 
bailing point is preferably higher ih«n 25 *C. more preferably higher than 3S "G. its components {or the majority, far 

» instance 95 % w/w or greater, thereof) am typically hydrocarbons having 5 or mom carbon atoms; they are ususiiy 
parafflnsc, 

p}<IO) The distillation properties of the naphtha fuel arc comparabie to those of gasoline. Despite this, naphtha fuei 
components of ibis type have mi previously been ased dinsdfy to gasoline hmi compositions becarrsa ihefr octane 
numbers are too tow. and have been incorporated instead into diasei fuel blends for instance for winter fuels. 
« [0041] As with She corresponding gas oils, Hseher-Trepsch derived naphtha fuels fend to be tow la undesirable laei 
components such as sulphur, niirogao and arom&fos. in the feet composition of the present invention, the naphtha 
fuel component {U) preferably has g density of from 0.6V to 0.73 gfPm 3 ai. 15 *C aadrcr a soiphor content of 5 ppmw 
or tests, It preferably contains ss % w/w or greater of fso- and normal paraffins, preferably from 20 to 88 % w/w or 
greater of normal paraffins. 

sc [0042] in the feel composition of the invention, component (Hi) may bo present in b concentration of up to 29 % vfe, 
preferably from 1 to 15 % vfv. more preferably from 8 to 12% v/v« such as from 5 to 1 0 % v/v. it is preferably the product 
of a SMOS process, preferred features of which may be as described above in connection with component (si). 
[9043] Any of the additional components p) to (iii) may be pre-mixed with the gasoline base fuel, eg, prior to loading; 
into the fee! tank of an automobile to bo run on the fee! composition of the invention. Alternatively, and often preferably, 
ss they may be mixed with the base fuei in situ immediatety prior to, or on, introduction of the fuel composition into an 
engine. By way of example, the additional eamponentfs) may be mixed with the base fuei on board an automobile, for 
instance from separate storage vessels such as in the manner described by Oisson ei ai (supra) - seen mixing may 
occur on iefrodecSlen of the base fuei and additional components) Into a eambustior; chamber of iheengine, for Insfanco 
by n>etsris)g separatti streams of the base fuei arid additional eompofionffs) directly into trie fuol inlet system or cam- 
eo bustton chamber via separate inlets Memafivefy the two components may be metered Into a separate mixing chamber 
upstream of the fuel infes system and/or combustion chamber; 

PQ44J An engine management system may be used to control switching between fuei srrppilrjs as leads change, for 
instance in response to scceieratof peo'ai movement, allowing the engine to run on a fuel according to the fewe-ntkm 
at lower toads and thus extending its HOC! operating regime, in the case of in situ mixing, the engine management 

55 system may be used io control metering of gasoline fuei and additional components}, from separate tanks, into a 
combustion chamber of She engine or into an upstream mixing chamber, in appropriate proportions. Hera the iarskfs) 
carrying the additional component^) may be much smaiierin capacity than that for the gasoline baas fuel, in the case 
where a feat according to the invention t& stored in pro-mixed form, switching may then be between this and a convem 
liana; gasofine fuel also carried on board. 

« [SMS) A second aspect of the present invention provides a method of operating a HCCI internal combust ion engine, 
and/or an aufomobiie or other machine which is driven by such an engine, which method involves introducing into a 
combustion chamber of the engine a fuel composition according jo she first aspect. As described In connection with 
the first aspect of the invention, the fuei coropos!8oe may be prepared in situ on board a machine to be driven by the 
engine, immediately before or on introduction of the fuel composition Into the combustion chamber. 

■» [98463 According to a third aspect of s he invention ther e is provided a HCCt internal combustion engine io combination 
with a source of a fuel con-position according lo tbs first aspect of the invention, and/or with sources of (a) a gasoline 
base luel and {ej one or more of She additional components (>} to pi), in particular there is provided an automobile or 
other machine incorporating such an engine in combination with the relevant fee! sourcef,s). Again, the farm "HCCI 
internal combustion angina'" is intended to encompass any interna? combustion engine which either is, or is capable 

«» of, operating In HCC! mode. 

[0047) The angina rind foe! seurcsfs) are preferably provided iocombiriaSxin with control means by which a iuaS'com- 
posif ion in accordance with the invention may fee stippiiedi In appropriate quantities and with appropriate proportions 
of gasciine base fuel and additional componsntfs), io a combustion chamber of the engine, ideally at times when HCCt 
cparssion of the engine might benefit from a fee! composition accsmfag io the invention 

jrsr |9048j Where the system incorporates separate sources of a gasoline base luei and one or mere of the addislonai 
components (!) io p), the capacity of any "secorntety 1 vessel for srerage of the additional componanifa) is preferably 
59 % or less of, more preferably so % or lass of, still more praferabiy 1 0 % or S % or S % or less of that of the vessel 
in which She bass fuel is stored, A suitable capacity for a secondary storage vessel for a component of type {!), for 
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&wtam* t might be from 0,5 to 5 Hires, preferably from 0.S to 3 Sires, such as about 1 litre. 

P04S] A fourth aspect of She present invention provides the use of one or roots oi the additional components $) to 
P) above » 3 gasoline fuef composition for use in a HCGf internal corobusiicn engine, prererabfy far the purpose of 
improving the auto-Ignition properties of the Just composition. 
s [80501 8$r "gasoline las! composition" in this context is meant a (tie! composition which comprises a gaso8oe teas 
fuef . typically a major proportion (sg, BO % v/v or mom, preferably 90 % Wv or more, mass: preferably §5 % or m % er 
§9 % or §9.8 % v/v or more) of the gasoline base feel. 

£08513 "Use" of the additional components) m a fuel composition means Incorpcstsatieg «h» corriponenf,{s.) into the 
composition, typicstiy as a blend (is, a physical mixture). This may be dons before the composition is Introduced Into 

w an o^S'oa or, as described above, may involve some torn of *» situ mixing of a caaciine base fuel and Jh© additions! 
compodentja) immediately prior to. or on, introduction of *s fuel composition into a combustion chamber of the engine, 
-or instance from separata starage vessels on board a machines to be driven by the engine 
|0052j An Improvement in the auto-ignltion properties of the fuel composition, and preferably therefore of its low feed 
performance k> a HCCI engine, should be as compat od to the gasoline base fuel alone, and/or to the same composition 

19 but mteos 5f=e adestionst components) (!) to P), it will typically be manifested by auto-ignition occurring earlier in She 
engine cyeie whan the engine Is running on the fuel composition containing the additional components), at any given 
afriuei ratio, asmprassion ratio, inlet charge temperature antl engine speed. Instead orin addition, it rmy be manifested 
by a lower vsalus of BT^ amitor a h igher value of X mn {the minimum values of brake torque and aim* uol ratio respectively 
at which auto-Ignition can fas sustained) for any g»ven act of operating conditions such as compression rafic. Inlet 
charge issmperaturs and engine speed, The performance ol the engine at lower loads may thereby he greatly smprovsd. 
fOOSS) Such aspects of fuel and engine performance may be assessed for instance by running an engine, such as 
a si'ngie cylinder HCCI engine, on the fuef composition^} in question and measuring the crank angle at which aute- 
jgniticn occurs si any given air.fuei ratio, lor example as described in the exampiaa below. 
|00S4i improved auto Ign ton may mea rs th at for any given inlet charge temperature, the engine may be ran (without 

3 mis-firing} with a tower compression ratio than i! it ware running on the gasoline base fuel and/or on a Suai composition 
which did not contain any of the components (I) Ic p). If may mean that lot any given compression ratio, the solas 
charge temperature does not need to bo so high in order to maintain HOC! combustion without mis-firing, 
[0SSS| in general, therefore, use e? the additional components) according to the fourth aspect of the invention can 
ascend the lower HOC! operating limits of an engine ey allowing a ieaner fuel mixture (is, a higher air:fuel ratio) to be 

as used to give a lower torque at any given spaed. Thus if the engine is adapted l o operate in wo or mora ignisiart modss, 
the operating range over which it ca n be run in HCCI mode can be extended ay running it en a gasoline feel composition 
containing she additional components), 

fP&G&l A 8tm aspect of the present invention provides a process for the preparation of a lues composition, such as 
a composition according to the first aspect which process involves blending a gasoline case fust with ooa or mem of 
8«e additional components (j) to (ill) (Jeffned above. Again the blending is Ideally carried out with she aim o? improving 
the auto-ignition properties of the fust composition in a HCCI internal combustion engine, it maybe carded out fa situ, 
la, immediately before, or on, Introducing the fuel composition Into a combustion chamber of an engine 
P»7| Preferred features of the second to the tilth aspects of the invention, in particular regarding the nature of the 
gasoline bass ?uai and the nature and quantities of the additions: components) (i) to (81), may be as described above 
« In connection with the first aspect of the Invention, 

iWSS] The present invention will be further undenstcod from the following exarnpias, which illustrate the affects of 
components (1) to (ill) on the performance of a gasoline fuef in a HCCI engine. 

■® 

fOOSO] The following tests used a single-cylinder HCCI engine {compression ratio 1 0,3, bore 80.8 mm, stroke 88.0 
mm. connecting rod length 140.7 mm, crank throw 44 mm, displacement volume 449 cm 3 ) having a pent-roof com- 
bastion chamber, four valves and two straight intake ports, mounted on a dynamometer. Valve timings were as listed 
so Table 1 , 
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Table 1 



Inter valve open (jVO) 



4S0 CAD ATDC 



as 



"CAD « oatfc snsSe- rtogitac. ATDC « n6ot top ttesd &si«e Fuis! was snjeci-sd inioew aoris uatrig an MMho«fe t^eetorsyswrn, m Sirsing «xj s;aa«ii!^ 
of session bfiitig isdepmaet^ v,3f febis. Fad mo, fRjactsU ste»«op Oats* esum (VOCt «! «» i»(«p«)sstors strate io arsdsia iyi: Ygfnum&im TS» 
tnie> a!r mi sf fom tempemeim MmmSIB *C , Tha rwrmattwa OSrSoat tuto, X was «sftas»«e hy snaJy s«g the oxjeen toni^ns gf m vtimxst 
gssss using sis KTK MOtOOS"* at«s%ser iwtefi (hss nsixtapjs sjtsspjjlh is rioleNkniMMc, X. » 1, wfBswsss tor a i««s fcan snisiwfss. 5. » 1), f*sviin«ias 
p«Bsa»« was tmemva «steg rs mfap* (xessans transdecar. 



6 



■S^",'<Tt^5.S 5 v 



EP 1 371 T15 A1 



Table 1 (continued) 



J Inlet valve eiese (iVC) 


SBO CAD ATOC | 


| Exhaust valve open {BVO) 


ISO CAD A? DC 


1 


Exhaust valve class {EVCj 




SSQCADATfX; | 


[0060] 


The lasts involved supplying She eng 


newitiaithe 


a gasoline base fuel A, having the props 


rises ilsf.ad in Tabia 



2: 

Tabled 



Density @ 1 5 «C f.gfcrr£) (I8Q 3675:935 


0.733 


Research octane number ^RO^ij (EM 26164) 


m.2 


Motor octane number (MON) (EN 2Si 63) 


87.1 


Distillation {% evap) (ISO 3405:88) : 
ISP f C) 


38 


FBP f C) 


169 




£8 


El 00 


<19.5 


El 20 


"IT™ 


C 


6,76 


H 


1 2.S9 
0 




<so- -:• n~psraT!ins {% v/v) 


61.8 


Olefins r% v/V) 


3.S1 


AromaSics (% v/v) 


31,9 


Oxygenates {% v/v) 


(3 
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or a bland of the base fuel with one of m» additives i. Si or ill detailed below. 

[00611 Th« engine was fun at a fixed speed of i S00 rpm, M throttle opening, and the coolant and oil temperatures 
were fixed at 85 *C sand 100 "C respectively. 

|O082| The ersgina was firstly warmed up with the base gasoline fuel A, using spark ignition, until she coolant and oil 
•*o temperahiras st&blfeed at their fixed values. The fuelling level was adjusted until k reached 1.0. igmlieti was then 
switched of! and the engine started running in HCCI mode. 

|8883J The pressure signal was recorded wMtu} a storage osciiiascope, tram which was dsterrrsioad ihe erantt angle 
CA f at which auto-ignition occurred in HCCi combustion. CA, for the base fuel A was assumed ta be zero and CA, for 
the fuel blends was therefor© expressed in terms of crank angles before this arbitrary xare, 

4$ P064] Ths fuel flow rata was slowly reduced and the engine was run a? a leaner condition of X~i .1 to repeal She 
measurements. The fuel flow rate was further siowfy reduced until the engine began to misfire and eventually slopped 
because auto-Ignition ceuid no fanger be sustained, The value of 1 and of the teak© torque just before Ihis happened 
ware recorded and represent the Smiting conditions denoted by and B~ TOift respectively. A lower 'value for ST m5n 
indicated improved performance. 

SO £00883 At each change of fuel the engine was 'lushed ihrough wiib the new fuel for one minute with the feet pump 
running and she return fuel drained from the engine. This minimised cross contamination between lasts. 



$3 [0086J in these examples, (he performance of the base fuel A was compared with that of btends of fee: A with additive 
I, which la ih>3 dteset ignition improver 2-elhyl hexyi nitrate Fuai btend 8 contained 89.8 % v/v of the base fuel 

and 0.2 % vA> SEHN. Siend C contained 98.5 % v/v of the base fuel and 0.5 % vht 2EHN. 

[0087] The base fuel was also compared with a fuel blend D containing §9 % vAf of Sue! A with 1 0 % wv n-haptana. 
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as uses* i« tr» HCCi deal fuel system disclosed by Otesott st si {sapmj. The resets are shewn in labia 3, 



Table 3 





CAi* 
l\ = 1 


1,1 


UM 


Fuel. TEase gasoline 

;a | 


0.0 


0.0 


1 .IS 




S . i 


Fuel r93,8 %v fuel A * 0,2 %v 
blend | 2KHN 
B | 




9.5 


1,27 




Fuel { 99.5 %v fuel A ■+ 0.5 %v 
blend | 2EHN 

C I 




T6™.T~ 


"TTSIT 


~— 


Fuel | 90 %v fuel A 4 10 %v »- 
blend | heptane 

IP. ! 


10. 8 


9.0 




1.25 


3 . 35 



* CAi is crank angle degrees before the- time of auto- 
ignition for base fuel A 



it otffi be seen thai tor bosh EHN-eorUatoing fusi blends 8 and C, aute-ignttfon occurs moeft eadisr in the 
engine cycle compared to the base fuel A. 
s& |0Q69j The blends B and C also have significantly kseer values of 81^ and .higher vakras of ^ compared te the 
bass fuel A. Thus the additive 26HN appears so extend the lower HCCf operating fimlt by aitewing * leaner fuel mixture 
to be mn to give a Sower torque at a given speed, 

|0070| Moreover the improvement as a 2BHH treat rate at C.2 % v/v compares favourably with thai observed using 
a-hsptsne at a ireai. rate (10 % v/v) which is SO times greater - see eats for blends B and D in Table 3. Thus SEHN is 
38 tmsty 50 times as effective as n-heptane ie Improving aota-ignition performance, This means a slgnifieaat reduction 
In the tank capacity necessary fa? she additive to be earned in s separate Sank on board & vehide, for to sto/ mixing 
with a gasoline bass fuel. 



g^o^a§2 

-><« 

fJJGTt ] l n ihess examples, the performance of the base fuel A was compared with that ot blonds of fuel A wiih additive 
«. wf;icn is a Fissber-Tmpseih derived gas oil madabytfteShea^Wdte Distillate Synthesis tSfvtQS) aa sfa&edbed above. 
Fuel bfend S contained 90 % v/v of the bass fuel and 1o% v/v cf the SMDS gas oil. Bleed F contained m % vfv of She 
base feei and S % v/v gas oil 

•** V&7 2J The ps oil it had been obtained from a Fisfiber-Ttopsoh {SfvSOS} synthesis produet via a two-stage hydro- 
conversion presses analogous to that described in HP>A»0 SS3 636, its properties are listed In Table 4, sod Jhe tost 
results if! TabieS. 



Table 4 



ss 



Density @- 15 "C (g/em 3 ) 


0.7842 


Disfiiiaiian : 




{BP CO 


212.5 


10% 


248 


20 % 


284 


30% 


2775 


40 % 


290.6 
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Table 4 ^coolirtued) 







80 % 


309 i 


70% 


316 • 


m % 


387 


m% 


332 


m% 


339 


: F8» 


344 


Ktnarnatic viscosity # 40 a C 


3,48? 


I 





25 





fi^i 
X * 1 


CA ± 

K m 
I . 1 


A«in 




Fuel 
A 


Base gasoline 


0.0 


0.0 


I, IS 


5.1 


hi end 

[» 


90 %v fuel A 10 %v 
SMDS gas oil 




10.4 


1.23 


4.2 


| Fuel 
| felend 
[F 


95 %v fuel A + 5 %v 
SHDS gas oil 


1.4 


1.6 


X . 17 


4 .6 



Again for both tod blends E and F, awto-fehstion occurs earltor jo the engine eyda compared to the bass fuel A. The 
bierscte tfm giva significantly lower values of BT m)fi and higher values of X min compared to the bass gasoiles. Th«s she 
SMDS gsa eS addifivs extends the lower HCGI operaSng limit by allowing a leaner foal mixture to be txsn to give s lower 
torque &f a given speed. 



{WTty H&m the f»Jtonrsance o? the bass; fuel A was compared with that of Mentis of fuel A with t&mte Hi, which ss 
& Fischer-Tfopsch derived naphtha made by the Shell itfstidte DisliiSats Synthesis (SfvlQS) as described above. This 
oaphlhs fuel had a density ® 1 5 *C of 0.680 gfctn*, an initial boiling paint of 43 *C and a Sinai boiling point of 1 86 *C. 
Fuel bland G corrksrsed 90 % v/v of the base fuel and 10 % v/v of the SMDS naphtha. Blsnd H contained SS % v/v csi 
the bsse fuel sod 5 % v/v S&1DS naphtha. 
[00741 The results are shown in Table 8, 
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Table 6 





,\ ffi 1 


r*& ■ 

1,1 




( ite} 


Fuel 


Basts gasoline 




ft ?1 

0 < y 




3.1 


Fuel 

blend 

G 


90 %v fuel A + XO %v 
smds naphtha 


3.8 


2 .5 


1 .19 


<5.5 


Fuel 

bland 

u 


95 %v fuel A + S %v 
SMDS naphtha 


£7? 


2 ,2 


1.17 


i 
j 



For bofo t^phtha-cotrtafning blends auto-ignition occurs sadier is me engine cycle than for the base f ue? A. The blends 
sisa have sigsiffoantfy lowsr values of 3T m ; n and higher vaiues of a. mir . compared to ths base fuel A. Thus the SJ&as 
naphiha additive again appears to extend Hie lower MCCf operating ilmlts of the engine. 




1, A fas! composition comprising a gasoline base fuai and one or mow aadifional components selected from the 
group consisting of 0} a ciesei fuel ignition improver. (8) a FIscMr-Tropsch derived gas otf and p} a Fischer- 
Tropsch eferiwed naphtha fyei. 

50 a. a fuei composition according to claim i , wherein the cfieset fuei jgnflion Improver^ comprises one ermem reagents 
selected ttm the group consisting of: 

&) otgxBki nitrates of the general formula R 1 0-HO 8) or nitrites of the general formula R^-Q-hiQ, where R 1 fe 
* hydrocafbyi group optionally containing an ether group; 
3S h) organic peroxides and hydroperoxides, of She general forrouta R 2 -G-OR 3 . where B s and R s are each in- 

dependently either hydrogen or a fiydrocarby! group; and 

cj organic paracids and pefasters, of the general f ennuis R 4 -CsO)-0-Q-R 5 , where R* and R 5 are each inde- 
pendently either hydrogen or a hyo'racartiyi group. 

* 1 A fuel composition according to defers 2, wbsrgjn the dteseS fuei ignition improver (!) comprises an gikyl or eycioatkyf 
nitrate, fa parfciiiar 3-e(:hyi hexy! nitrate, 

4. A fuel GMUpasfttoa according to any one of she preceding claims, wherein She cfiessl feel Ignition improver (i) is 
present at a concentration of up to 1 % v/v, 

5. A faet composition according to any one of the preceding claims, wherein the Ftseher-Tropseh derived gas oii (ii) 
and/or the Rsohar-Tropseh derived naphtha ioei <«} is present at a concentration of up re 80 % v/v. 

S. A method of operating an interns: combustion engine in the HCGI mode, which method Involves Introducing into 
99 « corrfcesiion chamber o? the engine a fuel compassion according to any one of the preceding claims. 

7. A HCCi interna* combustion engine in combination with a source of a fuel composition according to any one of 
claim;- 1 to 5. anchor with sources of (a) a gasetfaabass fuei and (b) one or mors of the additional components (i) 
to ($} m defined In any one of claims i to 5. 

55 

», A process far the prepar etfan of a fuei composition, which process involves blending .a gasoline bass fuel with one 
or more of she additional components (!) to (ill) asdetlned fa any one of claims 1 to S, 
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9, The use oi one or mots oonr^sonents selected from the group consisting of (i) a cfesai faei ignSksn improver, {$) a 
Fiachef-Tropscb derived gas oii and pi) a Rscher-Tropsch derived naphtha fuel, m admixture with a gasoiirrs tsase 
fasi, in a gasoline fuel composition for use ir? a HCC! internal combustion engine, preferably for the jrtjfpctse el 
improving the auto-Ignition properties of Urn fuei composition. 

s 

10. A process or m& accardfrsg to claim 8 or ciaim 9, wherein the gasoline base fee! and the additional components} 
are n-sxed Is situ immediateiy prior to, or on, imfocSuchon of the iuei exposition into a eambiistion chamber o? a 
HCCi angina. 

w 



so 
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1-4,8 
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European Patent ^ffc»M<m«<«ib«f 
0!te EP 3Z 25 4129 



CLAMS JMOURRtNG PEES 



Vm present European patent appitesison comprised si the Sme o4 Sing <nws vm ten eSatos. 

□ Qrsty part of the cairns have been pssct mhkt the prescrfbsd time 8r»il The present European sssKh 
report has been drawn up for the ftst ten ciaims and ter iftose sfeams tor wftfcfi eteiros fees fmve 
bean paid, nantesy ciaJrnEs): 



□ No cieims fees Have been psia: within the pie scribed &»e Smsi. The present European sear* feaes 1 has 
been drawn up ter the first Jen ci&ims. 



IACK OF UNITY OF INVENTION 

flw Sestet) Division eensieiSF s that the present Bsropem eateni appBcaSon does ma comply vsith tfi 
mutosmm of u«t>y of inwswson and retatas sa severe tewicm or groups of *s*rak>rw, ftswrwtfy: 



see sheet 8 

□ Mi further search fees ftaw been paid Within the fixed S«* Wt The present European search report has 
Ofrsn drfi'iW! up foi aJ! dajf ns. 

O As si) searchabis claims could be searched wiittout effort |us!»fying en a&8tonat fee, the Search Division 
did net invite psyreers! of any additional fae. 



s So the 

ajveniiorm in respect of which search tees have txmi paid, resmesV Riafros: 



Ncnaoftha hirtn er search fees have been paid the fixes time limit. Tt« pm$m& European search 
report has bom dtsm up tot mm parts or the Swvp&m patent ^pfewn which miaSs to the invente 
first mentioned in tha claims, namely claims: 

I (part )» 2 i part 3. 4, 6 { part ), 7 ( part ), 8 ( part ), 
9 { part h 38 ( part ) 
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LACK OF UNITY OF INVENTION 
SHEETS 



& 02 25 4123 



THe Saas* JMston awskfcw tfja* the fmwmt &xatmm pmm* w p ptewkm dew* net comply «$h sfts 
feqasramsnts gf unity a! fmwtfien a.td wJaias to ssvsrsi inwmfess; or groups o! srs ven&sre*, namely: 

1. Claims; l{part), 2{part}, 3» 4 S 6 {part}, ?£part}, SCpart), 
9 (part}, 18(part) 



i.L Claims; Upart), 2(part} s 3, 4 

A fuel composition comprising a gasoline base fuel and 
one or more reagents selected from the group 
consisting of organic nitrates of the genera] formula 
R1-O-N02, or nitrites of the general formula fil-0«N0, 
where £U 1s a hydrocaroyl group* 



1.2. Claim : 6{part) 

A method of operating an internal combustion engine in 
the HCC! raode, which method involves introducing into 
a ccrebustion chamber of the engine a fuel according to 
sub- invention 1.1. 



1.3. Claim : 7 (part] 

An HCCI internal combustion engine in combi nation with 
a source of a fuel composition according to 
sub- invent ion 1.1. 



1.4. Claims: 8 (part J. 18 (part) 

A process for the preparation of a fuel composition 
according to sub-invention 1.1. 



1.5. Claim : 9{part) 

Tha use of one or mare components selected from 
selected from the group consisting of organic nitrates 
of the general formula R1-Q-ND2, or nitrites of the 
general formula 81-Q-NO, where 81 is a hydracarbyl 
group, in admixture with a gasoline base fuel, in a 
gasoline fuel composition for use in an HCCI internal 
combustion engine. 



2, Claims: l(part), 2 (part), 4, 6(part)» 7{part}» Sfpart), 
Sfpart), l$(part3 



A fuel eomposHloR ecsBprising a gasoline base fuel and orse 
or mrt organic peroxides and hydroperoxides, of the genera! 
formula 82-0-0-83 ♦ where 82 m& R3 are each independently 
either hydrogen or a hydrocarbyl group. 



^ ........... 
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/Hjf ^** Sttp3teflt U«K OF UNHY OF INVE^GN 

■J™" otf!efe SHEETS EP 82 25 41B 



Ths Search Division consWets fbaf she presa* gurcjsean psfsnt apptesfiw does mt «smp;y wftft ite 
fs^uifemesiis of unity c! Sweden and wiam » ssvsral SrweatfoRS w gswups of hwroHom , nameiy: 

3, Claims: Ifpart), 8 (part J, 4, 6 (part) , 7 (part), Sfpart}, 
9 (part) , 10{part) 



A fuel ecHfiposUion comprising a gasoline base fuel and sne 
or mora organic peracids or peresters, of the general 
formula R4~C(0)~0~0-R5, where R4 and R5 are each 
independently either hydrogen or a hydrocarbyl group. 



4. Claims: l[part)» 5. 6 (part) , ?{part}« Sfpart), Sfpart), 
impart) 

| 

f A fuel composition comprising a gasoline base fuel and $ 

1 fischer-Tropsch derived gas oil. 



8. Claims: l(part), 5, 6{part), 7 (part), 8(part) , S(part), 
IS (part) 



A fuel composition comprising a gasoline base fuel and a 
Fischer- Tropsch derived naphtha fuek 



Please note that all inventions mentioned under item 1, although oat 
necessarily linked by a mmcm inventive concept, could be searched 
without effort justifying m additional fee. 
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Ttss bjwg* Sisss ps«s«» famify n-iem!»ts baling is 8» paissi! &&uma<*g sfesti Sha a&cswMiwni; 
Tfcs f!se«stef & ass gs eontaimsS in ma Butopean Fte&ro QHk* SOP m an 

T5» S»ss*a« Paw** OBfcs in no way States fcr fhes* partictfers which mm isorsiy tfwn to m gutpwte 



04-89-2802 



c*#ms«8r«r> report 

EP 8879871 A 



25-IM998 



CA 

m 



5782937 A 
2237087 Al 
1288398 A 
0879871 Al 
10338771 A 



US 2324779 



SB 1152389 



A 



28-87-1943 « 

14-65-1969 mm 



Fcsr maris about iMs muss ; see QSSgks) Jaurns! srf ttss fmp*m fttimi vS£c«, ^{a. 1 SSS 



21-07 -1998 
19-11-1398 
02-12-1998 
25-11-1993 
15-12-1998 



OS 2882826926 Al 97-63*2602 US 


263101712? Al 


36-68-2861 


as 


62386S3 Bl 


15-88-2001 


us 


6286482 81 


11-69-2801 


AO 


488299? A 


26-83-1998 


Atf 


415889? A 


66-63- 1998 


Cfl 


1233313 A 


27-18-1999 


EP 


6928369 Al 


14-97-1999 


JP 


2089514526 T 


31-18-2889 


WO 


9810179 A2 


12-83-1998 


WO 


9887973 Al 


26-82-1998 



18 



